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Plastic debris is a worldwide threat to marine environments and Portugal is not immune to it. Though
never quantified, items of all sizes can be found in the Portuguese coastline; therefore the objective of
this work is the identification of main size classes in stranded plastic debris. Beaches sediment was sam-
pled and in the laboratory plastic items were sorted in 11 classes from <1 to >10 mm, counted and
weighted. Plastic size ranged from 50 lm to 20 cm and microplastics (<5 mm) were the majority
(72%). Most plastic fits in the smaller size classes, due to expected high residence time in the sea enhanc-
ing degradation processes, which increase surface exposure and potentially persistent organic pollutants
(POP) adsorption. These results point out the important contribution of microplastics to marine debris
pollution, its risks, and the need to set a higher focus on this size class.

� 2011 Elsevier Ltd. All rights reserved.
Plastic marine debris accumulation and dispersal is a growing
problem at a global scale, affecting all marine environments (Greg-
ory, 2009; Moore, 2008). The high persistence of plastic material,
together with poor lifecycle management, high production (Andra-
dy and Neal, 2009), consume and discard habit (Hopewell et al.,
2009), concentration of population on the coast, and consequent
disposal of high volumes of plastic that poorly handled may enter
the water streams, accumulate in the oceans and along the coast-
lines, to where they are carried by the wind and currents. Regarding
this last factor, land sources are responsible for 70–80% of plastic in
the marine environment (Bowmer and Kershaw, 2010).

The importance of plastic debris in the marine environment was
first noticed by visual impact of plastic dispersed throughout the
oceans and physical direct impacts on marine biota, i.e., entangle-
ment and death. Nowadays, main focus is set at the ingestion of
plastic (Bockstiegel, 2010). Microplastics, defined as plastic with
diameter less than 5 mm (Arthur et al., 2008), and its impacts on
the marine ecosystem are starting to receive more attention (Gory-
cka, 2009).

Beach litter surveys, ocean monitoring programs and collected
plastic analysis show that there are reasons for concern: physical
impairment on marine fauna, ecotoxicological effects from inges-
tion of plastics due to adsorption of persistent, bioaccumulative
and toxic pollutants (PBT as polychlorinated biphenyl – PCB and di-
chloro-diphenyl-trichloroethane – DDT and plastic additives), exo-
tic species transport and several economical and social implications.

Additionally, expected degradation and fragmentation of plas-
tics in the marine environment is a result of highly variable factors,
ll rights reserved.
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and has never been studied thoroughly, therefore it is not possible
to predict the amount or size of the resulting plastic fragments as
their residence time in the sea increases. It is essential to get data
on the size of plastic debris, especially the smaller size classes in
order to estimate the magnitude of the problem.

Monitoring the abundance of plastic marine debris has been
performed in many countries but Ivar do Sul and Costa (2007),
Moore (2008) and UNEP (2009) point out that the smaller plastic
fractions (<20 mm) are not usually discriminated due to sampling
difficulties, so its sources, destiny and environmental conse-
quences are poorly understood (Sheavly and Register, 2007). How-
ever, it is known that microplastics are globally dispersed in the
oceans, and that plastics degrade and become smaller and smaller,
reaching unknown sizes, posing a long-term threat to the marine
food chains, through ingestion.

The coast of Portugal is vulnerable to plastic accumulation on
beaches from land sources due to river discharges and population
concentration along the coast, marine sources due to fishing and
recreational maritime activities, as well as being an important
route for commercial vessels and cruise ships. The objective of this
study is to identify the more important size categories of plastic
(from <1 to >10 mm) accumulating on the coastline. Additionally,
selected plastics were chosen for the identification of the common
polymers present.

Beaches were chosen on the basis of their accessibility and ori-
entation to the dominant north-western winds, in order to maxi-
mize the probability of debris accumulation. Samples were
collected during the equinoctial spring tides of March 2010 at five
beaches on the western coast of Portugal (Fig. 1): Agudela
(41�2301.2500N 8�46016.3400W), Cova de Alfarroba (39�21037.6700N
9�21045.7800W), Cresmina (38�43028.1600N 9�28034.6100W), Fonte da
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Fig. 1. Sampling sites on the Portuguese coast.

Fig. 2. Plastic abundance (%) for each size class (mm) – five beaches.

2650 J. Martins, P. Sobral / Marine Pollution Bulletin 62 (2011) 2649–2653
Telha (38�3409.1500N 9�11040.4000W) and Bordeira (37�11050.6900N
8�54014.5500W).

Sampling was performed by using quadrats placed along the
last high tide mark, as plastic is preferably accumulated in this
zone. Two sizes of quadrats were used in triplicate: (A)
0.5 � 0.5 m and (B) 2 � 2 m. The top 2 cm of sand were scooped
from each quadrat area, A samples were placed directly in paper
bags and B samples were sieved in situ using a commercial
2.5 � 3.5 mm metal mesh size, to discard the sand and retain the
debris.

In the laboratory, A samples were introduced into a glass tank
with a concentrated solution of NaCl (140 g L�1), stirred vigorously
and the floating plastic particles recovered. This procedure was re-
peated several times until no particles could be seen on the sedi-
ment. The water was then filtered with a GAST vacuum pump,
onto Whatman� GF/C filters (�1 lm pore size and 47 mm diame-
ter) to recover any plastic pieces of minor dimensions, not visually
identified in the solution. For B samples plastic was set apart from
the remained debris.

All plastic pieces were classified, counted and weighted, accord-
ing to the size classes adopted by Ogi and Fukumoto (2000): class 1
(61 mm), class 2 (>1 mm and 62 mm), class 3 (>2 mm and
63 mm), class 4 (>3 mm and 64 mm), class 5 (>4 mm and
65 mm), class 6 (>5 mm and 66 mm), class 7 (>6 mm and
67 mm), class 8 (>7 mm and 68 mm), class 9 (>8 mm and
69 mm), class 10 (>9 mm and 610 mm), class 11 (>10 mm).

Filters from A samples were observed through a binocular
microscope and all the material visually identified as plastic was
measured and counted.
Polymer identification was performed on selected items by
Infra-red Spectroscopy with Fourier Transformation using a
Thermo� Nicolet Nexus spectrometer interfaced with a Continuum
microscope (Micro-FTIR). All the acquired FTIR spectra were
obtained in transmission mode and CO2 interference (absorption
at approx. 2300–2400 cm�1) was removed for clarity. The spectral
images were compared with standard ones in a database using the
Software Thermo Nicolet OMNIC�.

For the five beaches a total amount of 17799 plastic items
(�2322 g), was collected with average density of 185.1 items m�2

(average weight of 36.4 g m�2). Size ranged between 50 lm and
20 cm in diameter (excluding microplastics from filters for poly-
mer identification).

The distribution of total abundance according to size for all bea-
ches is shown in Fig. 2. The discriminated average densities of
items per square meter, for each size class and each beach are
shown in Fig. 3.

Plastic abundance is higher for classes 3, 4 and 65 mm, repre-
senting 60% of total abundance, as size deviates from these size
range, abundance decreases, with exception of class >10 mm
(10% of total abundance). Microplastics, 65 mm, correspond to
72% of total abundance.

High discrepancies are found between the obtained abun-
dances, with inter- and intra-beaches variations, as it can been
seen in the following values of average densities: 392.8 items m�2

in Cova de Alfarroba, 301.2 items m�2 in Fonte da Telha,
103.7 items m�2 in Cresmina, 99.1 items m�2 in Agudela, and final-
ly 28.6 items m�2 in Bordeira. In particular, the average densities
per beach are: highest at size 4 mm for Agudela, Cova de Alfarroba
and Cresmina and size 3 mm for Fonte da Telha and Bordeira; and
lowest at size 1 mm for Agudela, Cova de Alfarroba, Cresmina and
Bordeira and size 9 and 10 mm for beach Fonte da Telha, and also
beaches Agudela and Bordeira.

Fig. 4 shows the weight distribution for the size classes defined.
Regarding weight, as expected, there is a predominance of plastic
from size class >10 mm, corresponding to �90% of total weight.

In the lower end of size range, i.e., group of particles retained on
filters more than a hundred items were visually identified as plas-
tic under a stereoscopic microscope. Results from polymer identi-
fication by micro-FTIR are presented below for some of the
analyzed particles (Fig. 5). The accuracy probabilities (%) for poly-
mer identification are defined according to Thermo Nicolet� OM-
NIC FTIR database.

Stranded marine debris abundance is mainly correlated to phys-
ical factors – distance to sources, form, physiography and orienta-
tion of beach. Regarding abiotic factors, the most important are
wind direction, superficial waves and currents (Debrot et al.,
1999). The total abundance of plastic accumulated in the five



Fig. 3. Average distribution of plastic abundance (items m�2), per beach, for each size class (mm).

Fig. 4. Plastic weight (%) for each size class (mm) – five beaches.
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beaches was very high – 925.4 items m�2, possibly due to the
match of sampling period with equinoctial high tides and beaches
being north-oriented, influenced by northwest predominant cur-
rents, that promote higher rates of accumulation.

Beside these factors, beach sediment varies, and the smaller the
grain size of sand the more it favors accumulation (Gregory, 2009).
This was confirmed by the results obtained for each beach. As land
sources are also relevant, identification of the proximity to these
factors might help justify the obtained results. All beaches differed
in sediment granulometry (not analyzed) and also in the proximity
to land sources. Cova de Alfarroba beach (fine to medium sand), fac-
ing north and located near potential land sources, registered the
highest average density of plastic items – 392.85 items m�2, with
more than 5000 items in the sampled area (12.75 m2). In contrast,
Bordeira beach with very fine sand had a very low average density
– 28.6 items m�2, possibly due to being located in one of the less
populous coastal regions, compared with the other studied sites.

Plastic items density varies among regions and time. In compar-
ison to other studies, Velander and Mocogni (1999) got 0.8 item-
s m�2 for the Edinburgh coast, UK, while Barnes and Milner
(2005) registered 0.15–12.5 items m�2 in different areas of North
Atlantic Coast. At the northeast Brazilian Coast (along a distance
of 150 km), an average density of 82.1 items m�2 was found by
Santos et al. (2009) while in 2005 an average density of 76 item-
s m�2 was registered, by Ivar do Sul (2005).

With respect to size, plastics with diameter less than 10 mm
constituted 90% of total abundance, due to predominant pellets,
polystyrene particles and other plastic fragments, the majority of
them in the size range between 2 and 5 mm. In opposition more
than 90% of plastic weight is related to plastics with diameter high-
er than 10 mm, due to the bigger items in this large size range class.

Regarding this size classes below 10 mm, Morét-Ferguson et al.
(2010) in the North Atlantic Ocean identified 94% of plastic abun-
dance, and Madzena and Lasiak (1997) got 33.3% for in South Afri-
ca. Costa et al. (2009) found 64.2% of plastic with diameter <20 mm
in a beach of Brazilian northeast. Morét-Ferguson et al. (2010), in a
long term study from 1990s to 2010s, registered an increase in
plastic of smaller size classes in the North Atlantic Ocean, and sug-
gest it could indicate the already mentioned ‘‘amplifying effects of
mechanical abrasion and photochemical breakdown on particles
with long residence time in the ocean’’.

Microplastics are predominant in the present study and account
for �72% of total abundance. Other authors referred the impor-
tance of this particles size: Moore et al. (2001) report plastic be-
tween 1 and 2.8 mm in diameter corresponding to �61% of the
total, in California; McDermid and McMullen (2004) identified
plastic between 2.8 and 4.75 mm corresponding to �48% in a study
focused on plastic between 1 and 15 mm in diameter, in Hawaii;
and Morét-Ferguson et al. (2010) registered 69% of items between
2 and 6 mm, in the North Atlantic Ocean.

The high variability of average densities and micro- and macro-
plastic abundances is related to the several sites specific factors
that regulate plastic debris accumulation and also to the different
methodologies used by the different authors, therefore compari-
sons are limited.

From the group of items retained on filters the more important
polymers were polyethylene (PE), polyester and polystyrene (PS).
In other studies of polymer analysis in microplastics, Frias et al.
(2010) found in two Portuguese beaches PE, PS and PP while Ng
and Obbard (2006) found the same (PS being the most abundant
polymer detected) and also nylon in samples from Singapore bea-
ches. This is in accordance to the high industrial demand of these
polymers (Plastics Europe, 2010). Polypropylene however was
not found in our samples.

Results of this study show that plastic waste in Portuguese coast
is a problem, particularly in the smaller size range. Plastic pellets
are frequently found floating in the sea, in the same layer were
concentrations of PBT contaminants are known to be high
(Wurl and Obbard, 2004). Also, the higher the residence time of
plastic in the sea, the more enhanced are degradation processes,
promoting higher surface/volume ratios, which may result in high-
er concentrations of PBT contaminants. To worse it, Endo et al.
(2005) and Frias et al. (2010) got respectively – higher PCB concen-
trations in aged polyethylene pellets and higher DDT, PCB and
polycyclic aromatic hydrocarbon (PAH) concentrations in colored
pellets, respectively, than in the white ones. This is important since



Fig. 5. (A) Polyethylene film (92.10%), (B) polystyrene (95.48%), (C) Berkley and Co. Berkley polyethyl (86.41%), (D) polyester (93.56%) analyzed using micro-FTIR spectroscopy
(accuracy probabilities in %).
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marine biota ingests preferably these types of pellets – colored pel-
lets, as mistaken for food (Vlietstra and Parga, 2002). These facts
might also be verified in other types of microplastics. Therefore it
reinforces the need to propose solutions to prevent plastic debris
from reaching the oceans and the importance of assessing, thor-
oughly, the contribution of microplastics to the pool of plastic deb-
ris on the oceans, as well as the potential risks from contamination
and dispersal of smaller plastic particles.

An accurate evaluation of the influence of maritime and land
sources, beaches physiography, form, orientation and dynamics,
and meteorological conditions is essential to better understand
the abundance of plastic of different size classes, in beach stranded
plastic debris. In addition, including more beaches in the analysis,
and a higher frequency of analysis, would better reflect the state of
plastic marine debris accumulation in the Portuguese coastline.
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